The aim of this study was to identify Mycobacterium bovis presence in fresh cheese sold at markets in the Veracruz-Boca del Rio metropolitan area, Mexico and to determine the associated risk factors, using a crosssectional study. A sample size of 30 was calculated with the program Win Episcope Ver 2.0. Samples were collected in two occasions, during the dry and rainy seasons of 2010. Sampling was conducted in six cheese markets officially registered by the health authorities. Samples were processed by conventional bacteriological and molecular techniques (PCR). Mycobacterium spp. was isolated from one of the samples (1.67%), but its typing by biochemical tests was unsuccessful; however, by PCR it was identified as M. fortuitum. There were no differences between the variables (p>0.05) and no risk factors were identified. We concluded that Mycobacterium spp. was isolated, even though it was not identified by PCR as M. bovis, but as M. fortuitum.
INTRODUCTION
Currently, food-borne diseases show a worldwide increasing trend and represent a serious public health problem (Pietro et al., 2004) . As a result and because of an augmented consumer interest in food quality, different international organizations such as the World Health Organization (WHO) are working to ensure food safety, defined as "foods property of being harmless to public health" (Varela and Martínez, 2006) .
Food of animal origin and its derivatives are often involved in disease transmission since its contamination originates from animals that may be ill and, in turn, can contaminate meat, milk or eggs (Vásquez, 2003) . Dairy products are one of the main sources of food-borne diseases, mainly those coming from artisanal production that does not meet any quality standards and that are commonly consumed unprocessed (Kopper et al., 2009) .
The WHO has published a list identifying those pathogens transmitted by milk that can cause disease in humans. One of the most important is Mycobacterium bovis (Magariños, 2000) . In Mexico, about 30% of the milk produced is sold raw and some of it goes to cheese production which is expended in popular markets (Mateos, 2000) . Moreover, bovine tuberculosis is an important zoonosis, as people may become infected by M. bovis, which represents a public health problem (López de Buen et al., 2007; OIE, 2008) . The main routes of entry of M. bovis are the digestive and respiratory. Because of this, the main risk factors for people are close contact with infected animals and the consumption of contaminated raw milk or products made from it (Acha and Szyfres, 2003) .
In addition, human tuberculosis is one of the most important infectious diseases worldwide. It is currently ranked as the most common cause of death in adults by an infectious agent. According to WHO, one third of the population is infected with tuberculosis, of which 20 million is due to M. bovis and every year there are about 8 million new cases (Montoro, 2004) . It is estimated that M. bovis is responsible for approximately 3% of cases of human tuberculosis in the world (Mateos, 2000) .
In the state of Veracruz, Mexico there is a lack of information regarding the possible contamination of cheese by this organism, so it is important to know if it is possible to identify M. bovis from fresh cheese sold at markets in the Veracruz-Boca del Rio metropolitan area and its associated risk factors.
MATERIALS AND METHODS
Location: Cheeses used in this study were collected from cheese retailers officially registered by the health authorities and located in five markets of the VeracruzBoca del Rio metropolitan area, namely Malibran, Hidalgo, Zaragoza, Unidad Veracruzana and Abastos Boticaria. Laboratory analyses were conducted in the Laboratory of Microbiology Diagnosis, School of Veterinary Medicine and Animal Science, University of Veracruz and at the Veracruz Public Health State Laboratory in the city of Veracruz.
Study design and sampling:
This was an epidemiological transversal study. Win 2.0 Episcope program was used to calculate sample size using the option "disease detection" (Thrusfield et al., 2001) . The prevalence of human tuberculosis caused by Mycobacterium bovis was estimated at 3% and a 95% confidence interval was used. Calculated sample size was 30 cheeses to be collected from an equal number of retailers. The total number of cheeses analyzed was 60, of which 30 samples were processed during the dry season and 30 in the rainy season.
During the dry and rainy season of 2010, fresh artisanal cheese samples were collected within five days after its preparation. About 250 g were obtained from each cheese and stored in a Ziploc bag (Ziplok ®) according to the Ministry of Health guidelines for such a purpose (SSA, 1994) , including a proper identification for each sample (place, date and time of purchase). Bags were kept inside a cooler box and transported to the Microbiology Laboratory where they were kept frozen at -20°C until processed.
Persons responsible for the retail sales were also interviewed at the time of the cheese sampling procedure. Collected data included cheese´s place of origin, shelf life in display, storage type, if the milk used was pasteurized or not, amount left for selfconsumption and other details related to cheese origin, processing and retailing. (Payeur et al., 1993 , OIE, 2008 . Sample processing was performed within a biological biosafety cabinet class II. Cheese samples were cut into pieces of approximately 2.5 cm 3 . Petroff alkali-acid method was used for decontamination (Payeur et al., 1993) .
Culture media used were those established in the NOM-031- ZOO-1995 (SAGARPA, 1995 and produced by the Productora Nacional de Biológicos Veterinarios (PRONABIVE) namely, LowensteinJensen, Stonebrink, Herrold's with yolk egg and mycobactin. One, two and one tubes of each one of the previous media were inoculated, respectively and were incubated at 37°C. Tubes were weekly reviewed during an 8-week period checking for the presence of colonies with morphology compatible with mycobacteria. Suspected colonies were stained by Ziehl-Neelsen and acid-resistant colonies were identified by biochemical tests of niacin, nitrate, Tween 80, urea, catalase and growth at 42 and 45°C (Payeur et al., 1993) .
Molecular methods:
PCR was used to identify species and was made from the strains isolated by bacteriology. The techniques were those described by Devallois et al. (1997) and Leao et al. (2005) and routinely used at the Veracruz Public Health State Laboratory in Veracruz.
DNA extraction: DNA was extracted from the isolated colonies on solid media. To extract DNA TEchloroform was used according to the technique described by Fernández et al. (2005) .
DNA amplification for the Mycobacterium tuberculosis complex:
For amplification of DNA the techniques described by Leão et al. (2005) and Fernández et al. (2005) were used. The goal was to amplify a segment of 123 pb of the insert fragment IS6110, which is present in all mycobacteria of the complex M. tuberculosis. For this, the IS1 (5 'CCTGCGAGCGTAGGCGTCGG 3') and the IS2 primers (5 'CTCGTCCAGCGCCGCTTCGG 3') were used. The amplification products were visualized on agarose gels stained with 2% ethidium bromide, as described by Leão et al. (2005) .
DNA amplification for atypical mycobacteria:
For DNA amplification, the PCR-RFLP technique described by Telenti et al. (1993) and Devallois et al. (1997) were used. The goal was to amplify a segment of 441 pb of the hsp65 gene, which is present in all species of the genus Mycobacterium. The amplification product is essential for enzymatic digestion, thus without it no digestion products exists. To do this, primers Tb11 (5 'ACCAACGATGGTGTGTCCAT 3') and Tb12 (5 'CTTGTCGAACCGCATACCCT 3') were used.
Digestion of restriction enzymes:
Before performing the digestion with the restriction enzymes, PCR products were analyzed by electrophoresis to verify if the samples amplified a 441 bp fragment. Afterwards, digestion with the restriction enzymes Hae III and BstE II was performed according to the technique described by Leão et al. (2005) .
After digestion, restriction fragments analysis was carried out by electrophoresis on 3% agarose gel. Then, species of the analyzed strain were identified by comparing the RPC-RFLP patterns with the open access PRASITE database (PRASITE, 1999).
Statistical analysis: Data were stored in an Excel spreadsheet. Results were analyzed for significance by categorical data analysis using Xi 2 and the association by Odds Ratio (OR) (Thrusfield, 2005) . Statistical significance was declared at 0.05.
RESULTS AND DISCUSSION
Isolation and microbiological identification: Only one strain of Mycobacterium spp. was isolated from the cheeses collected (1/60, 1.67%, CI 95% 0.09-10.14). This isolate was collected in the dry season at the Abastos Boticaria market and its origin was the nearby municipality of Alvarado. As far as we are aware of, this is the first study conducted in the state of Veracruz to demonstrate the presence of mycobacteria in fresh cheeses. The low prevalence found (1.67%) was lower than the 4.9% determined in the U.S. by Harris et al. (2007) in fresh cheeses from Mexican origin. Ikonomopoulos et al. (2005) analyzed different types of commercial cheeses from Greece and the Czech Republic by bacterial culture and found an overall prevalence of 3.6%.
There are several reports in the literature on the isolation of Mycobacterium spp. from dairy products, particularly milk samples. Hruska et al. (2011) , analyzed samples of powdered milk in seven European countries and isolated Mycobacterium spp. in one of them. In Argentina, Cirone (2004) analyzed fluid milk samples and isolated the germ from two samples, which is similar to what was found in this study.
As colonies growth in the culture media were poor, it was not possible to identify species by biochemical tests. Among other causes of such poor growth, the original concentration of contaminant bacteria or fungus may be a cause. Competition for nutrients with other germs is often crucial to keep the balance between the targeted mycobacteria and possible contamination coming from non-sterile samples (Koneman et al., 1997; OIE, 2008) .
During the cheese-making process, as well as during its manipulation and display by retailers, the products tend to be contaminated with multiple bacteria. Growth of contaminating flora in the processed samples limited proper development of mycobacteria, slow growing bacteria. Many contaminating bacteria can use substrates for their metabolism and thus prevent the development of mycobacteria; in addition, some also produce bacteriocins which antibiotic function has a negative effect on growth and development of other bacterial populations (Carter and Wise, 2004) . Payeur et al. (1993) mentioned that the number of biochemical tests required to properly identifying Mycobacteria spp. is extensive and has led to problems of interpretation. Coupled with this is the description of new species whose phenotypic profiles are similar to others already known and that has significantly limited the usefulness of biochemical tests as the sole mean for identifying isolates.
Other negative aspects of these techniques are the need for large numbers of viable bacteria and the slowness in obtaining results (OIE, 2008) . These reasons precluded the performance of biochemical tests in this study. However, despite these drawbacks, bacteriological methods are considered the gold standard for diagnosis of tuberculosis (Payeur et al., 1993) . Moreover, the results of this study support those reported by Patel et al. (2000) , in the sense that species identification should be performed using a combination of biochemical and molecular techniques.
Species identification by PCR:
From the strain of Mycobacterium spp. isolated by bacteriology, a processed sample corresponding to 123 bp that identifies the gene IS6110 was used to determine the presence of DNA from M. tuberculosis. However, it was not possible to identify any amplified fragment.
The result of the current study differs from that reported by Harris et al. (2007) , who analyzed fresh Mexican cheeses in the United States and by PCR identified M. bovis in a sample; however it was not possible in the present study to isolate in the chesses from the Veracruz-Boca del Río Metropolitan area processed. Durr et al. (2000) mentioned that the insertion sequence IS6110 is specific to the tuberculosis complex, which was confirmed in this study, because only the positive controls were able to amplify, but not the strain from the sample of cheese, neither the negative control belonging to the M. tuberculosis complex.
PCR was performed from the strain isolated by bacteriology. In this regard, Fernández et al. (2005) mentioned that even though DNA can be extracted directly from clinical samples, this is a difficult process given the chance of contamination from the samples, so that DNA quantity and quality is not very good. These techniques have proven to work better from pure culture, thus the diagnosis of tuberculosis by PCR complements the bacteriological diagnosis, but does not replace it yet (Durr et al., 2000; Patel et al., 2000) .
Since the isolate did not belong to the M. tuberculosis complex, identification of atypical mycobacteria was intended. In the processed sample, an amplified fragment corresponding to 441 bp was identified (Fig. 1) . This fragment identifies the hsp65 gene and was employed to determine the possible presence of DNA from atypical mycobacteria obtained from the strain of Mycobacterium spp. isolated by bacteriology.
A study on the identification of atypical mycobacteria in Greece and the Czech Republic, (Ikonomopoulos et al., 2005) . Hruska et al. (2011) analyzed samples of powdered milk in seven European countries. Map was isolated in 49% of the samples, which is a high prevalence for atypical mycobacteria, compared to that obtained in this study (1.67%). In Argentina, Cirone (2004) , analyzed samples of commercial fluid milk and isolated Map atypical mycobacteria in 2.8% of the samples, a figure similar to the one found in this study. Cornejo et al. (1998) mentioned that with PCR, the time needed to identify species of mycobacteria is reduced and its use increases the number of positive samples. In addition, PCR solved the problem of negative results due to insufficient material growth for biochemical tests. This coincides with the results of this study, as it was not possible to identify the species by biochemical tests, while PCR identified M. fortuitum, which is also an atypical mycobacterium.
Several researchers claim that PCR is more effective than biochemical tests for identification of mycobacteria (Springer et al., 1996; Mondragón-Barreto et al., 2000; McNabb et al., 2004) , because conventional methods rely on phenotypic characteristics, a parameter likely to vary in certain species and that could lead to misdiagnosis.
In order to identify species, digestion was performed with restriction enzymes Haelll and BstEll. Amplified fragments from the processed sample were compared with those in the PRASITE database and found to correspond to 235/120/85 pb for BstEll and 145/120/60/55 pb for HAElll, respectively (Fig. 2) . Thus PCR identify the hsp65 gene, which in turn was used to determine the presence of DNA of M. fortuitum in the strain of Mycobacterium spp. isolated by bacteriology.
This study identified M. fortuitum in one out of 60 samples (1.67%, CI 95% 0.09-10.14), which coincides with the studies done in the U.S. by Harris et al. (2007) in fresh Mexican cheese, which identified M. fortuitum by PCR in 3.4% of the samples. M. fortuitum belongs to the atypical or environmental mycobacteria isolated from water and soil (Leão et al., 2005) . Hence, it is assumed that cheese contamination occurred at some point along the production or supply chains, or even during its sale in markets. Moreover, M. fortuitum is one of the atypical mycobacteria most frequently isolated in humans (Wong et al., 2003; Schulz et al., 2005; Yzquierdo et al., 2007) and is associated with skin infections and rarely with lung diseases. It is a frequent etiologic agent in postoperative infections, especially those performed in heart (Leâo et al., 2005) .
Determination of risk factors:
From the registered markets in the Veracruz-Boca del Rio metropolitan area, Malibran is the largest one and has more cheese retailers than the others, so the largest number of samples came from this market, as shown in Fig. 3 . The isolated strain of M. fortuitum was obtained from the only cheese retailer in the Abastos Boticaria market, so there were no significant differences (p>0.05) among market sources. In the current study, from 30 samples processed during the dry season only one strain of M. fortuitum was isolated (3.33%, CI 95% 0.17-19.05). There were no significant differences between seasons (p>0.05). This result differs from the study conducted by Berrang et al. (2002) , which points to the existence of bacteria that exhibit seasonality, i.e., the possibility of concentrated seasonal isolation, but the comparison should be considered with caution because in the current study only one isolation was achieved.
Studies focused on identifying pathogenic bacteria in food, for the most part, were carried out by sampling markets or street vendors. This is because data obtained allow determining the real situation on the sanitary quality of foods and the risk that its consumption entails for the public health (Barroso et al., 2007; González et al., 2007) .
Cheeses sold in the Veracruz-Boca del Rio metropolitan area came from 14 different locations (Fig. 4) . Most of the cheese collected (13 out of 60 samples) was originated in the nearby town of Ignacio de la Llave (21.6%, CI 95% 12.4-34.5). The identification of the areas or municipalities from which the products may be contaminated with pathogens is important to properly delimitate areas of public health risk for the consumption of these products (Berrang et al., 2002) . One of the main routes of infection for tuberculosis is by ingestion of contaminated dairy products, so it is necessary to identify the areas where the disease occurs and the provenance of contaminated food. This would allow an analysis of the population dynamics associated to the transmission and spread of the disease (Leynaud and Reati, 2009) .
M. fortuitum isolated strain came from the town of Alvarado, as well as other five negative samples (16.67%, CI 95% : 0.8-63.52), so no significant differences (p>0.05) for place of origin were found.
Regarding the storage type of cheese that are sold in the dairy markets of the Veracruz-Boca del Rio metropolitan area, it was found that 10 out of 60 were stored in a refrigerator (16.6%, CI 95% 8.7-28.9), 31 were inside a display cabinet (51.6%, CI 95% 38.5-64.6) and 19 were on display at tables placed outside the retailer shops (31.6%, CI 95% 20.6-45.1). Previous studies by Schobitz et al. (2001) , Franco et al. (2001) and Baquero et al. (2006) , from samples taken at sale points showed that non-optimal hygienic conditions during marketing were associated to product mismanagement. In this study, at the time of cheese purchase, conditions such as cheese poor appearance, deficient storage and in some cases, absence of cooling, were also observed. This situation can be particularly critical when the milk has not been previously pasteurized. Cheese in these conditions is a highly perishable food and high environmental humidity and temperature only contribute to aggravate the problem.
Most of the interviewed cheese retailers buy the products they sell (71.6%, CI 95% 58.3-82.1). Only 17 out of 60 cheese retailers elaborate and sell their own cheese (28.3%, CI 95% 17.8-41.6%). Some bacteria such as E. coli, Salmonella sp. and Mycobacterium sp., can be either direct milk contaminants or participate somewhere along the production chain. In this regard, Cristóbal and Maurtua (2003) identified high mesophilic aerobic bacteria in the finished product resulting from contamination at some point in the chain. Noriega et al. (2008) and Rossi et al. (2008) conclude that food contamination can occur either during In the selected markets, the majority of the expended cheeses were processed the day before their purchase (51.6%, CI 95% 38.5-64.6), a lesser amount were elaborated within the two previous days (25%, CI 95% 15.1-38.1), or even 3 to 4 days before (23.3%, CI 95% 13.7-36.3). This is important since Rodríguez (2002) mentions that bacteriological studies in perishable foods must be done in the early days after the product is elaborated because as the time passes by, pollution increases and food properties are altered.
Only five out of 60 cheese samples used pasteurized milk (8.3%, CI 95% 3.1-19.1), meaning that a great deal of the cheeses were elaborated from unpasteurized milk (91.7%, CI 95% 60.1-98.5). This represents a critical situation, because one of the major risk factors for acquisition of tuberculosis is the consumption of raw milk, or of contaminated dairy products and byproducts (Acha and Szyfres, 2003) .
CONCLUSION
Mycobacterium spp. was isolated by conventional bacteriology techniques in one sample of fresh cheese collected at local markets of the Veracruz-Boca del Rio metropolitan area, in Mexico.
We were unable to identify M. bovis by biochemical and molecular techniques. Only M. fortuitum was identified by PCR from a sample collected in the Abastos Boticaria market and coming from the municipality of Alvarado. No associated risk factors were identified.
